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© Signal processing device. 

© Fr e,„enc y analysis means 0» *«-" 

signal detection means (20) detect a signal portion (rem the 9 no|se „, „,„ sl a , portio n on 
(6, input «,ein tfc. 'TTT'^TlT^ 2« £ prcdicXofs. from said fluency-analyzed 

signal. 
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EP 0 438 174 A2 
SIGNAL PROCESSING DEVICE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a signal processing device for eliminating effectively a noise from a 
signal containing a noise such as a signal with a mingling of noise. 

2. Description of the Related Art 

Fig 1 is a diagram showing the outline of a prior art noise suppression system (Japanese Patent 

5 teSP ZlTs™XT:«se suppression system adjusts the gain to suppress noise without e.iminating 
noise, so that a sufficiently noise-eliminated signal cannot be obtained. 

SUMMARY OF THE INVENTION 

" ,t is an object of the present invention to provide a signal processing device for, generating a securely 
nois^liminated signal by solving the problem of such prior art noise suppress.on system. 
^St^^ZX^^ containing a noise to -lysis; 

Sm^f^X^ 

sfgnal composition means for performing signal composition on the no.se-canceled s.gnal. 

component considering the cancel coefficient from the ^ c ^^Zel 
signal composition means for composing the canceled-output of the cancel means. 

considering the cancel coefficient from the band-divided output; and 

band composition means for composing the canceled-output of the cancel means. 
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A sianal processing device of claim 9 comprises: 



section. 



secuon. 

a first cancel section into which the voice/noise s.gnal and the first predicted no.se s.gna 
detection section; and further 

- ■ — «»— By the M vo '°* 

are inputted to obtain a second noise-eliminated voice output. 
A signal processing device of claim 11 comprises: 

p^CuS^"; -or e S «ma«n g a pl« , W no, in <ho poa,d,»c»d «p- - « 
lC m 9 e P nir° m ™ 9— 9 a „,ndow o*u, on M M o, «h. pfch «,e,u.„c, pre«.d 

t'KSSr-. .or ^M. ft. o*u, o. ft. oanco, means by ft. windov, 

BRIEF DESCRIPTION OF THE DRAWING 

invention; , . ,. . 

Fig. 3 is graphs of spectrum and cepstrum in the embodiment, 
piq 4 is a graph illustrating a noise prediction method in the embodiment. 

^sTSS diagram showing an embodiment of a signal processing device according to another 
present invention; 

isTbS diagram showing an embodiment of a signal processing device according to another 
Kg" 12 Is" tc^agram showing an embodiment of a signal processing device according to another 
s present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to the drawings, embodiments of the present invention will be explained hereinafter. 
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Fig. 2 is a block diagram showing an embodiment of a signal processing device according to the 
rS'HSphan. 1. -ally a noise such as engine sound Mr ; add, on to voice S is entered. 

a ^ l ^lu^ S Z a o m axm means 3 as an example of frequency ana.ysis means performs fast 
time spectrum S(u). 

15 

c(r) =S Iog|S(^-)l 2 cos(t<» 0 ) 
20 The dimension of r is time and r (time) is named "quefrency" which is derived from the word 

^^Z^^Sir^t, therein the Fourier-transformed signal with a mingling of noise and 

FaTaTshown in Fig 5. thereby allowing only the signal to be taken out (c). Also as shown m Rg _6 the 
the m meTa toTanalog signal. The I In R02 Wica.es •» nominated s,gnal tong the anaiog 



signal. 
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mingling of noise being an analog h ? s converted to the digital signal (see Fig.2, b ). 

mation on the voice signal w.th a minghng of the signal with a mingling of noise thus 

The signal detection means 45 detects a signal P°" ° n Der forms cepstrum analysis on the 

Fourier transformed. For example £ ^J^"^ "j^Ze signa. portion utilizing the 

- means 5 detects the peak of the cepstrum to 

"H?XL Prediction means 6 Inputs therein 

takes the data of p1 and P 2 through pi at a ^ e ^ m fl '^^^ 0 ,w prediction means 6 predicts the 
pi through pi to be made pj. Also, in *e present ^^ZZ S. portion at the nearest past 

^^^T^X^Z^ noise Prediction means a from *e Fourier- 
^^^S^le^^ signal obtained by the cance. means 
7 The O/A conversion means . converts the noise-eliminated voice signa, being a digital signa, obtained 
* ^™*er t O^'S Sthi noise- eliminated voice signa, thus obtained is. Since 
the signal contains no noise, the recognition rate thereof ^becomes h.glv jct ^ nojsQ 

T 9 he noise detection means 6 of ^ present n Z*** without utJ.izing the 

, ^ » - processing ° f other si9na,s with a min91in9 of noise not 

' imiti F^ though implemented in software utilizing a computer, may a.so be 

implemented utilizing a dedicated hardware < circuit pe ent inve ntion detects a signal 

As described above, the signal processing ^SnSTrtmSS prodi Jte a noise of the signal portion on 
5 portion from a ^uenojM^^^^^ ° ed ted'nofse from the signal with a mingling of 

Sse^^ 

pre r^r 0 rs a si9na * from which 

Fig. 7 is a block diagram of a ^^^^^^^.ce signal containing noise for each 
In Fig. 7, the numeral 71 ind.cates band div.s.on means tor aivia ' n ^ analyzing a signal, the numeral 

l^uency band as an example of ^^^^^^^^^ 71 to predict a 
<5 72 does noise prediction means for ^P" 10 "^^ ^^„g tne noise in a such a manner as 

" ^Se^n^ 

50 supplied with a voice contain.ng no.se/no.se input, 1°™™ °™°^ means 73 . The noise prediction means 
anS supplies them to the noise pred.ct.on means ^«^ < J^ ftl0toe input divided into m-channe.s, 
72 predicts noise component for each channel on the baas * ™ v °' diction ; s per f 0 rmed as described 
and'supplies them to the -n-'^*^^^ **« from * e band 

previously and as shown .n F.g. 4. The ^^^^f Sse In a manner to subtract the noise for 

ss division means 71 and the no.se P^^^^T^^Z,^ to the band composition means 
each channe. in response to the ca "? o ^ noise component by the cancel 

co^^^^ - ° f ^ m8th0d ' Perf ° 35 
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described previously and as shown in Fig. 5. Also, as described previously and as shown in Fig. 6, the 
cancellation with the frequency as a basis is performed. The band composition means 74 composes the m- 
channel signal supplied from the cancel means 73 to obtain a voice output. 

The operation of the signal processing device thus configured in the embodiments of the present 
invention will be explained hereinafter. 

A voice containing noise/noise input is band divided into m-channel signals by the band division means 
71 and a noise component thereof is predicted for each channel by the noise prediction means 72. From 
the signal band-divided into m-channels by the band division means 71, the noise component supplied for 
each channel from the noise prediction means 72 is eliminated. The noise elimination ratio at that time is 
properly set so as to improve articulation for each channel by the cancel coefficient input. For example, 
articulation is improved in such a manner that, where a voice signal exists, the cancel coefficient is made 
low even if a noise exists so as not to eliminate much the noise. Then, the noise-eliminated m-channel 
signal obtained by the cancel means 73 is composed by the band composition means 73 to obtain a voice 

0UtP As described above, according to the present embodiment, the noise elimination ratio of the cancel 
means 73 can be properly set for each band by the cancel coefficient input, and the cancel coefficient is 
accurately selected according to a voice, thereby allowing an articulation noise-suppressed voice output to 
be obtained. 

Fig. 8 is a block diagram of a signal processing device in an embodiment of another present invention. 
In Fig. 8, the same numeral is assigned to the same means as that of the embodiment in Fig. 7. That is, 
the numeral 71 indicates band division means, the numeral 72 does noise prediction means, the numeral 73 
does cancel means, and the numeral 74 does band composition means. Pitch frequency detection means 
87 detects a pitch frequency of the voice of the inputted voice/noise input and supplies it to channel 
coefficient setting means 88. The pitch frequency of the voice is determined by various method as shown .n 
; Table 1 and expresses the presence/absence and characteristic of a voice. 

Instead of the pitch frequency detection means 87, another means for detecting voice portion may also 
be provided. The cancel coefficient setting means 88 is configured in a manner to set a number m of 
cancel coefficients on the basis of the pitch frequency supplied from the pitch frequency detection means 
87 and supply them to the cancel means 73. 
, The operation of the signal processing device thus configured in the embodiments of the present 
invention will be explained hereinafter. 

A voice containing noise/noise input is band-divided into m-channel signals by the band division means 
71 and a noise component thereof is predicted for each channel by the noise prediction means 72. From 
the signal band-divided into m-channels by the band division means 71. the noise component supplied for 
5 each channel from the noise 
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For example where no vowel continues to exist from view of peak frequency, the signal cannot be 
ds^Zd to be voice signal, so that the signal is determined to be noise, ft ,s preferable that the cancel 
coefficient in Fiq 9 (a) and (b) can be properly changed over. 

The preset invention can apply not only to voice signal but also to other signals process.ng. 
5 Mso Z Resent invention Lugh imp.emented in software utilizing a computer, may also be 

T ^fb%~ ES£ £ slgna. P-essing device according to the present invention 
oomSS^^rSin means for predicting a noise component, cancel means mto wh.ch a no.se- 
rTdSed o"w of the noise prediction means, a frequency analysis output of frequency analysis means 
,o ^d a cancel coefficient signal are inputted and which cancels the noise component cons.der.ng the cance 
So fron! the C"ency analysis output, and signal composition means for composing the canceled output 
of me cancel means, so that, when the noise component is eliminated from .voce con tanmg. 
decree oMheelimin^on is properly controlled, thereby allowing the noise to be ehm.nated and art.cu.at.on 

,s t0 preference to the drawings, an embodiment of another present invention will be explained. 

Ra ioTs a Wock diagram of a signal processing device in an embodiment of the present .nvention. The 
, ■ 9 -J nonfimrec a shXn in F.g 10 That is. a noise prediction section 101 predicts a no.se by a 
££. seTnput and b aTo^signa, supplied by a voice detection section 103. and supplies a 
o^cted no ise to a cancel section 102. The cancel section 102 eliminates the no.se from thevo.ee/no.se 
20 wT£Z£*to predicted noise supplied from the noise prediction section 101 to obtair j. voice 
X , and suoolies the voice output to the voice detection section 103. The vo.ee detection section 103 
S s the of actual voice by the voice output to obtain a Refected output, and 

supplies the voice-detected output as a control signal to the no.se pred.ct.on sec .on 1 01 . 

The operation in the above configuration will be explained. A voice overlapp.ng wrtl , no.se/no.se ,nput .s 
25 supped rthfeance section 102 where the noise is eliminated in response to the 

from he noise prediction section 101 to obtain a voice output. The voice/noise ,nput from wh.ch the no.se , is 
enminated by the cancel section 102 is supplied to the voice detection section 103 where «"P£»»°* 
— of Lee is detected to obtan ^^^^0^= ^c£E Z 
30 ^.^^ T,olTZ^^ Ve°S£ diction section 103 to P ,d f the noise of the 
voira/noise inout sional and supplies the voice-detected signal to the cancel sect.on 102. 
" Ts lcc^t Z signal processing device in the embodiment of the present .nvent.on. vo.ee 
inus. accoru y y previously eliminated from a voice/noise input. 

JESEi« 

devicl is configu ed as shown in Fig 11. That is. a first cance. section 105 eliminates a no.se predated I by 
to a fi st noise prediction section 104 from a voice/noise input, and supplies the ^T^^ * 3 
vo ce detection section 106. a second noise prediction section 107 and a second ^■^^S 
voice detection section 106 detects the presence/absence of the s.gnal suppl.ed from the first cancel 
se^on 105 to obtain a voice-detected output, and supplies the 

m z^x^x ^xr^c-r zsrzzxp^^ 

„rL i™ «„t cancel section 105 to obtain a voice output Ttie first noise prediction section 104 
ZX!ZTJ2^^™<07 both use the con,* sl 9 na, ton, the voice 

oreviously eliminated by the first cancel section 105 is supplied to the second cancel section 108 where the 
6S nZtlTl eL Jed accurately in response to a second predicted ™£ "PP^^J- - end 
noise prediction section 107 to obtain a voice output. Also, the fnt vo.ee output frorr v£.c the no.se has 
been previously eliminated by the first cance. section 105 is supphed to the vo.ee detectio . section 106 
where the presence/absence is detected to obtain a voice-detected output (control s.gnal). Now. the first 
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^■xrrrs^rsEL- * — , p^, — „ M e^ 

"isa^ciaorsrno^^^^^ 

a time-region signal for output. D „„i ainor i R r<!t an inout sianal to the present device is 

M The operation in the above oon.,gur,«n ».» "2^1™ !. input signal termed 

sig „a, transtormed to WW r.9»n. • ^^^neel section 126 eliminates accurately 

re'^-cr=^^ 

^Jn^Zn^P^ 

obtained from the cancel sec ton 128 ™ sp ™^^™3 and 8 Jpp.leathe voice-emphasized signal to 
45 Z t^^^T^^ E? SS^ ~"« 1» transforms the signa, from the 
pitch frequency emphasis section 127 to a « m r^^ a S^^SS^ of the present invention, a noise is 

50 be it is apparently preferable that the window generated by the window 
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noise prediction means, and pitch frequency emphasis means for emphas.zmg the p** , cancele . d 
output of the cancel means using the window of the window generat.cn means, whereby th •"«»«• be 
eliminated from the signal in which a voice overlaps the noise and further the vc.ce component be 
omnha«ii7Pd to obtain a voice signal with a high articulation. 

P J farther understood by those skil.ed in the art that the foregoing description ,s a preyed 
embodLTand that various changes and modificaitons may be made in the invent.cn wrthout de P art,ng 



from the spirit and scope thereof. 



1 - iSSFSSZZ (putting therein a signal containing a noise to perform frequency 

Jgnafdetection means (20) for detecting a signal portion from said frequency-analyzed sign ,al ; 

noise prediction means (6) for inputting therein said frequency-analyzed signal to pred.ct the no.se of 

the siqnal portion on the basis of a past noise information; 

cancel means (7) for subtracting said predicted noise from said frequency-analyzed s.gnal ; and 
signal composition means (8) for performing signal composition on said noise-canceled s.gnal. 

2 A siqnal processing device in accordance with claim 1, wherein 

the noL prediction means (6) predicts the noise of the signal portion using as a tagger the s.gnal 
detected by said signal detection means (20). 

3. A signal processing device in accordance with claim 1 or 2, wherein 

said signal detection means (20) comprises : nr , a i„~H o.nnai- 

cepstrum analysis means (4) for performing cepstrum analysis on the sa.d frequency-analyzed s.gnal, 

signal detecting means (5) for detecting the signal portion utilizing said analyzed cepstrum. 

4. A signal processing device in accordance with claim 3, wherein 
said signal detecting means (5)includes: 

peak detection means (51) for the peak on said analyzed cepstrum; and 

signal-noise detection means (52) for discriminating the s.gnal on the bas.s of the detected peak 
information. 

5 A sianal processing device in accordance with claim 1 , 2 or 3, wherein 

JaW noise prediction means (6) accumulates the noise information utilizing the s.gna. detected by sa.d 
signal detection means (20) 

' ^ ^e frequency of an inputted signal containing a noise; 

nTe p'Lic^n means (72)\or inputting therein said frequency-analyzed output of the frequency 
analysis means (71) to predict the noise component thereof; 

Sncel means (73) for inputting therein said predicted noise of said no.se prediction means (72) sad 
frequency-analyzed output of said frequency analysis is means (71) and a cancel coefficient ,gnal to 
cancel the noise component considering the cancel coefficient from sa.d frequency-analyzed output, 

sTgnal composition means (74) for composing the canceled-output of said cancel means (73). 

o 7. A sianal processing device comprising: 

band division means (71) for dividing the frequency band of an inputted s.gnal conta.n.ng a ™se. 
noTse prediction means (72) for inputting therein said band-divided output of said band d.v.s.on means 

-ans ^T^ESE* said predicted noise output of said noise prediction means TO 
i5 SStJ^- ou^x/of sld band division means (71) and a cancel coefficient signa, to cancel sa.d 
noise component considering the cancel coefficient from said band-d.v,ded output; and 
band composition means (74) for composing said canceled-output of the cancel means. 
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A signal processing device in accordance with claim 7, wherein 

^I^E-on means (87) for detecting a pitch frequency of said input signa, containing 
Sufficient setting means (88) for setting said cancel coefficient signa. in response to said pitch 
frequency output of said pitch frequency detection means (87) 

detection section. 

a£ cane, section (t 05 > into „h,ch said vo.Cnois. sign,, and said tirst predict noise sign., «. 
voice detection section; and further 

fsoSnTnoTp^on so*„ (-07) outputting a second Predicted noise signa, b» s„d M 
^SnS235 oS^icn said nois^ed and - second predicted 
note Signal are inputted to obtain a second noise-el,m,nated vo.ee output. 

11 A sianal processing device comprising: 
n^iSn^^^^^ 

Sfnce, means 026) tor cance„ng »te predicted noise output o, said noise p,.d,c«on means (125) .torn 

rr -« - - «— — 

emphasis means (127). 
12 A signal processing method comprising the steps of: 
' analyzing the frequencies of an inputted signal containing noise; 

tt'SSWSKSSS^- - - basis of a past noise 

"ng said predicted noise from said frequency-anaiyzed signal; and 
performing signal composition on said noise-cancelled signal. 
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© Signal processing device. 

© Frequency analysis means (3) inputs therein a 
signal containing a noise to perform frequency ana- 
lysis; signal detection means (20) detect a signal 
portion from the frequency-analyzed signal ; noise 
prediction means (6) input therein the frequency- 
analyzed signal with a mingling of noise to predict a 



noise of the signal portion on the basis of the past 
information; cancel means (7) subtract the predicted 
noise from said frequency-analyzed signal with a 
mingling of noise; and band composition means (8) 
perform band composition on the canceled signal. 
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